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20.  ABSTRACT 

The  date  confirmed  that  the  Ranger  trainees  hava  large  loaaaa  of  body 
walght  during  portions  of  tha  8-waek  training  cycla.  Sinca  tha  training  protooo  , 
haa  axtanded  pariods  of  caloric  raatriction  (soma  quits  aavara) , body  walght  loa  i 
waa  axpactad  and  tharefora  only  tha  aagnituda  and  the  physiological  significance 
of  thaaa  loaaaa  required  documentation.  Body  weights  decreased  an  average  of 
i;i  9.42  (6.8  kg  or  14,9  lb)  by  the  end  of  the  12-day  caloric  restriction-jungle 

jK  exercise.  8ome  nan  lost  over  15X  of  body  weight.  Body  conposltion  data  indi- 

cated that  57Z  of  weight  lots  was  fat|  however,  data  revealed  that  large  percent' 
agas  of  tha  loaaaa  were  water  and  protein,  an  intolerable  loss.'  A email  subpopu  > 
latlon  indicated  during  interview  that  the  nan  consulted  about  12,100  kcalorles 
from  sources  outside  of  the  nilitary  dining  room  before  the  Jungle  exercise. 

This  would  be  equivalent  to  1.57  kg  0.5  lb)  of  body  walght  per  nan.  Without 
tha  supplemental  calories  fron  outside  sources,  weight  losses  could  hava  aver- 
aged ndarly  12X.  A loss  for  otherwise  normal  weight  adults  that  appears  exces- 
sive. 

Fron  tha  limited  blood  biochemical  constituents  examined,  the  indications 
of  tha  nutritional  stress  were)  the  Increase  In  percentage  of  trainees  with 
lsss-than-acceptabls  values  for  hematocrits,  aarum  iron  concentrations,  and 
transfarrin  saturation!  tha  slight  but  significant  decrease  of  serum  proteins 
which  suggests  a depletion  of  labile  protein  stores)  and  the  marked  increase  in 
serum  potassium,  and  decrease  in  serum  phoaphorous  indicating  tha  praaenca  of  a 
j.,  significant  though  transient  natabolic  acidosis.  Elevated  urinary  specific 

')  I gravity  in  the  specimens  indicated  that  the  body  was  attaaptlng  to  conserve 

ri  water. 

'! 

f'j  The  various  measurements  of  physical  performance  capacities  on  tha  tread- 

mill showed  a decrement  of  10  to  152  immediately  after  the  caloric  restrlctlon- 
Jungla  training.  Although  several  factors  Including  fatigue,  metabolic  acidosis 
. and  reduced  total  body  water  may  have  contributed  to  these  decreases,  tha  major 

| portion  of  each  of  the  dacraments  waa  still  observed  3 to  4 days  after  training 

was  completed  when  water  balance  should  hava  been  normal,  the  metabolic  acidosis 
should  have  been  corrected  and  the  men  had  tha  opportunity  to  obtain  a few  good 
^ nights  of  rest.  The  loss  of  lean  body  mesa  due  to  cataboliam  of  tissue  protein 

to  satisfy  a caloric  deficit  would  not  ba  corrected  in  this  time  frame.  The 
affacta  of  fatigue  after  tha  strenuous  field  exercise  would  be  anticipated)  but 
the  longer  term  detrimental  affects  upon  performance  should  ba  prevented  if 
! * possible. 

These  data  provided  the  basis  for  recommending  a 10X  increase  in  rations 
during  the  Ft.  Bennlng/Camp  Darby  phase  and  a 15X  increase  during  the  remainder 
of  the  training  whan  reduced  rations  are  not  required  by  the  training  protocol. 
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ABSTRACT 


In  response  to  a request  Co  evaluate  the  requirement  for  an  in- 
creased ration  allowance  for  ferainaaa  by  the  Ranger  Department,  United 
States  Army,  a study  was  conducted  throughout  one  training  cycle  on 
the  men  enrolled  in  the  course.  Body  weights,  akinfold  thicknesses, 
■elected  body  circumferences,  and  urinary  chemistry  values  were  meas- 
ured several  tlmaa  from  pretraining  until  graduation.  Treadmill  per- 
formance tests  were  conducted,  blood  samples  were  obtained  for  analysis, 
and  additional  anthropometric  parameters  wavs  measured  pra  and  post 
training . 

The  data  confirmed  that  the  Ranger  trainees  have  large  losses  of 
body  weight  during  portions  of  the  8-vtak  training  cycle.  Since  the 
training  protocol  has  axtended  periods  of  caloric  restriction  (soma 
quite  severe),  body  weight  loss  was  axpactad  and  therefore  only  the 
magnitude  and  the  physiological  significance  of  these  losses  required 
documentation.  Body  weights  decreased  an  average  of  9.4%  (6.8  kg  or 
14.9  lb)  by  the  end  of  the  12-day  caloric  restriction-jungle  exercise. 
Some  men  lost  over  15%  of  body  weight.  Body  composition  data  Indicated 
that  57%  of  weight  loss  was  fat!  however,  data  revealed  that  large  per- 
centages of  the  losses  were  water  and  protein,  an  Intolerable  loss.  A 
small  subpopulatlon  indicated  during  interview  that  the  men  consumed 
about  12,100  kcalories  from  sources  outside  of  the  military  dining  room 
before  the  Jungle  exercise.  This  would  be  equivalent  to  1.57  kg  (3.5 
lb)  of  body  weight  per  man.  Without  the  supplemental  calories  from 
outside  sources,  weight  losses  could  have  averaged  nearly  12%,  A loss 
for  otherwise  normal  weight  adults  that  appears  axcesalve. 

From  the  limited  blood  biochemical  constituents  examined,  the 
indications  of  the  nutritional  stress  weret  the  Increase  in  percentage 
of  trainees  with  lass-than-acceptable  values  for  hematocrits,  serum 
iron  concentrations,  and  transferrin  saturation;  the  slight  but  signif- 
icant decrease  of  serum  proteins  which  suggests  a depletion  of  labile 
protein  stores;  and  the  marked  increase  in  serum  potassium,  and  decrease 
in  serum  phosphorous  indicating  the  presence  of  a significant  though 
transient  metabolic  acidosis.  Elevated  urinary  specific  gravity  in  the 
specimens  indicated  that  the  body  was  attempting  to  conserve  water. 

The  various  measurements  of  physical  performance  capacities  on  the 
treadmill  showed  a decrement  of  10  to  15%  immediately  after  the  caloric 
restriction-jungle  training.  Although  several  factors  including  fatigue, 
metabolic  acidosis  and  reduced  total  body  water  may  have  contributed  to 
these  decreases,  the  major  portion  of  each  of  the  decrements  was  still 
observed  3 to  4 days  after  training  was  completed  when  water  balance 
should  have  been  normal,  the  metabolic  acidosis  should  have  been  cor- 
rected and  the  men  had  the  opportunity  to  obtain  a fav  good  nights  of 
rest.  The  loss  of  lean  body  mass  due  to  catabolism  of  tissue  protein  to 
satisfy  a calorie  deficit  would  not  be  corrected  in  this  time  frame. 

The  effects  of  fatigue  after  the  strenuous  field  exercise  would  be 
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anticipated;  but  th*  longer  tarn  detrimental  ef facta  upon  performance 
ahould  be  prevented  If  poealbla, 

Theee  data  provided  the  baala  for  recommending  a 10?  lncraaee  In 
ratlona  during  the  Ft.  Benntng/Camp  Darby  phaae  and  a 15?  lncraaee 
during  the  remainder  of  the  training  when  reduced  ratlona  are  not  re- 
quired by  the  training  protocol. 
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PREFACE 


Wa  wish  to  thank  COL  David  E.  Grange,  Jr. , Coomander  of  the  Ranger 
Training  Cantar,  Ft.  Banning,  Georgia  and  hla  staff  for  cooperation  and 
outstanding  support.  A particular  expression  of  gratitude  is  extended 
to  the  following  officers  assigned  to  the  Ranger  Training  Center,  Ft. 
Banning t LTC  W.  R.  Smith,  Executive  Officer;  MAJ  Dean  W.  Knox,  Oper- 
ations Officer;  and  CPT  John  C.  Grimaley,  Project  Officer  for  the  Study; 
and  to  LTC  William  D.  Old,  11,  Commander,  Florida  Ranger  Camp,  Eglln 
AFB,  Florida.  In  addition  valuable  support  was  provided  by  personnel 
from  the  Fort  Banning  MBDDAC  than  cooaandad  by  COL  George  S.  Woodard, 

MC  and  later  by  COL  John  W.  White,  MC,  In  particular  the  support  of 
COL  Olln  C.  Dobbs,  Jr.,  MC,  Chief,  Preventive  Medicine  was  greatly 
appreciated. 

The  preliminary  results  and  recommendations  arising  from  this  study 
were  discussed  with  LTC  Smith  and  CPT  Grimaley  of  the  Ranger  Training 
Canter;  LTC  Richard  B,  Stolta,  MSC,  USA  Infantry  Cantar;  and  COL  Olln 
Dobbs,  MEDDAC  immediately  after  completion  of  the  study.  The  formal 
raconmandatlons  ware  forwarded  to  the  Ranger  Department,  US  Army  Infan- 
try Canter  in  March  1976. 

Tha  three  year  delay  in  organising  and  completing  the  study  and  in 
providing  the  findings  and  recommendations  following  submission  of  the 
request  is  most  regretted.  The  request  for  a study  had  been  telephon- 
lcally  provided  USAMRNL  about  one  month  after  initial  submission.  At 
that  time,  USAMRNL,  Denver,  Colo,  waa  scheduled  for  termination  with 
transfer  of  functions  to  tha  Lettsrman  Army  Institute  of  Research,  San 
Francisco,  Ca.  before  the  end  of  Of  73.  Many  projects  that  could  beat 
be  completed  from  the  Denver  location  had  bean  scheduled  by  the  Bio- 
energatlcs  and  Chemistry  Divisions.  This  study  at  the  Ranger  Center 
waa  felt  to  be  important  and  was  accepted  with  the  understanding  that 
it  would  have  soma  limitations.  Unfortunately  personnel  losses  without 
replacement  prior  to  the  tra^fer  of  functions  from  Denver  to  San  Fran- 
cisco were  greater  than  expected.  After  transfer  the  delay  in  replace- 
ment employment  and/or  assignment  was  far  longer  than  woe  projected. 

Thle  resulted  in  significant  delays  in  the  analysis  of  collected  spec- 
imens and  data.  Many  of  the  Bioenergetlc  and  Chemistry  Divisions  per- 
sonnel who  contributed  significantly  to  the  date  gathering  did  not 
transfer  - hence  date  analysis  had  to  be  completed  by  others. 

Due  to  the  multiple  changes  in  personnel  many  individuals  have 
been  Involved  in  the  completion  of  the  written  report.  They  have  each 
contributed  significantly  and  a strong  word  of  thanks  is  indicated  to 
include  in  the  sequence  of  support:  Catherine  M.  Robson;  William  J. 
Canham;  Ann  L.  Wilkinson;  Lottie  u.  Applewhite;  J.  Elaine  Watson  and 
Wanda  R.  Zwelgle. 
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INTRODUCTION 


Background 

Dally  haavy  physical  exercise  for  axtandad  periods  increases  ca- 
loric requirements,  If  the  calories  are  not  supplied  in  the  diet, 
losses  of  body  weight  will  occur.  Large  weight  losses  by  normal  men 
during  an  extended  period  of  severe  caloric  restriction  reduce  physi- 
cal performance  capacities.  Recovery  and  return  to  normal  capability 
may  require  several  months.1  The  amount  of  weight  loss  necessary  to 
reduce  performance  and  the  positive  influence  of  heavy  physical  train- 
ing during  an  extended  period  of  caloric  deficit  have  not  been  re- 
solved. It  is  known  that  the  amount  of  weight  loss  resulting  from 
caloric-deficient  diets  varies  from  person  to  person. 

Ranger  training  for  military  personnel  demands  physical  endurance 
because  of  activities,  long  hours,  and  several  periods  of  caloric  res- 
triction. Ranger  training  is  divided  into  three  phasea:  (a)  21  days 
at  Ft.  Banning  for  physical  conditioning  end  basic  section,  (b)  17 
days  in  the  mountains  of  North  Georgia  for  mountain  tactics  and  prob- 
lems, and  (c)  18  days  in  Florida  (6  days  for  classroom  instruction  and 
preparation,  and  12  days  for  a Jungle  exercise). 

A nutrition  survey  was  conducted  in  1964  by  the  U.S,  Army  Medical 
Research  and  Nutrition  Laboratory?  on  the  Ranger  trainees  during  the 
Ft.  Banning  phase  of  training.  Food  consumption  averaged  4,400  keel/ 
day  including  270  keal/day  from  outslde-of-dlning  hall  consumption. 

The  4,130  keal/day  consumed  in  the  dining  hall  included  the  normal 
daily  issue  plus  a 10%  increase  authorised  by  the  post  surgeon  and  iss- 
ued surplus  commodities.  Calorie  expenditure  averaged  4,850  keal/day 
baaed  on  the  measured  calorie  intakes,  body  weight  changes,  and  energy 
costs  of  activitlas  recorded  during  tlma-and-motlon  studies.  A 25% 
incraaae  in  the  daily  ration  issues  was  recommended  and  approved  in 
1965  by  The  Surgeon  General  (TSG) , Department  of  the  Army.  This  in- 
crease was  reduced  to  15%  in  1967  by  TSG  in  accordance  with  changes 
in  AR  31-200.  It  was  assumed  that  the  alterations  would  provide  as 
many  calories  as  the  previous  increased  Issues | and  the  findings  of 
the  1964  survey  were  judged  to  be  "no  longer  current."  The  Ranger 
Department,  in  their  request  for  continuation  of  the  25%  Increase, 
stated  that  the  Ranger  student  was  working  132  hours  per  week  in  1969 
compared  to  102  hours  per  week  in  1964  since  training  had  been  reduced 
from  9 weeks  to  8 weeks  without  delsting  any  part  of  it.  The  Army 
Food  Center,  in  1969,  rejected  a request  for  continuation  of  any 


1,  Kays,  A. A.,  et  al. Human  Starvation.  Minneapolis!  Univ  Minn 
Press,  1951 

2.  Consolaslo,  C.F.,  et  al,  USAMRNL  Lab  Report  No.  291,  FGH,  Denver, 
28  Jan  1966. 
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Increased  issuea  on  the  baste  that  the  current  issue  of  4,600  keal/day 
exceeded  the  previously  established  requirement  of  4,500  keal/day 
The  Army  Food  Center  incorrectly  assumed  that  4,600  keal/day  derived 
from  the  Master  Menu  was  equivalent  to  that  amount  available  for  indi- 
vidual consumption  within  the  dining  facility.  Another  request  for  a 
nutrition  survey  was  initiated  during  April  1073  by  the  Ranger  Depart- 
ment, The  request  atatedt 

"The  strenuous  nature  of  Ranger  training  has  not  bean 
reduced,  if  anything,  it  has  been  increased.  The  Ranger 
course  consists  of  approximately  1,007  hours  of  actual 
Instruction  in  8 weeks  and  2-1/2  days.  This  Is  an  average 
of  17  hours  psr  day  which  is  twice  the  activity  per  man  when 
compared  with  other  school  students.  Most  of  this  instruc- 
tion is  practical  exercise  conducted  in  the  field  under  sim- 
ulated combat  conditions  with  only  as  much  classroom  and 
blsachsr  instruction  as  necessary.  DurlnR  the  course  the 
student  eats  133  meals.  Of  these,  81  are  prepared  in  the 
mess  halls  and  the  rest  of  the  time  he  subsists  entirely  on 
either  Meal,  Combat,  Individual  (MCI)  or  Food  Packet,  Long 
Range  Patrol  (LRP)  rations.  As  a result  of  the  arduous  and 
physically  demanding  training  and  current  level  of  ration 
issue,  the  Ranger  Department  cons latently  receives  major 
adverse  student  comments  citing  the  insufficient  amount  of 
food  provided  during  the  Ranger  Courea.  Thia  situation  is 
further  magnified  during  the  wet,  cold  winter  months  end 
whenever  a class  ia  comprised  of  predominantly  junior  en- 
llated  man  such  as  Class  8-73  in  which  the  average  age  la 
23  years. 

Because  of  the  continuing  adverse  student  comments  the 
Ranger  Department  feels  that  Ranger  students  are  not  receiv- 
ing adequate  nutrition  for  sustained  vigorous  physical  activ- 
ity aa  defined  in  Pare.  4C,  AR  40-25,  Aug  1972——.  A one- 
third  ratlon/dsy  increase  is  recommended  for  the  rseeone 
already  stated  herein  plua  the  fact  that  Ranger  training  la 
conducted  in  a remote  and  isolated  environment  which  negates 
the  Ranger  students'  supplementation  with  food  from  outside 
sources," 

Presently  the  Ranger  training  plan  consists  of  6 days  of  caloric 
restriction  (3  days  of  2 meals/day  and  3 days  of  1 mssl/dsy)  during 
mountain  training  and  one  12-day  axarclae  with  1 meal/day  during  jun- 
gle training.  The  Ranger  Department  has  indicated  that  Individual 
weight  losaaa  of  26  pounds  were  not  unusual  during  this  training, 

During  the  caloric  restriction  phase,  maala  are  provided  in  the 
form  of  operetlonel  rations  either  Meal,  Conbst,  Individual  (MCI) 
or  Food  Packet,  Long-Range  Patrol  (LRP) . The  average  caloric  content 
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of  the  MCI  la  1,185  kealoriee  if  tha  entire  coo tan t a of  tha  aaal 
are  consumed.  Tha  avaraga  caloric  contant  of  fcha  LRP  la  slightly  laaa 
at  1,103  kealorlaa  par  packet  if  tha  aotlra  contant a ara  consumed. 
During  tha  12-day  Jung la  training  exareiae  during  which  only  ona  aaal/ 
day  la  noraally  provided,  provlalona  ara  aada  for  tha  addition  of  ona 
or  two  aora  aaala  during  tha  12-day  period  if  tha  sen  appear  to  ba  in 
naad  of  additional  nourlahaant.  During  tha  training  cycle  ctudiad, 

13  MCI  aaala  ware  provided  for  tha  12-day  axarelaa.  To  lnaure  an 
adequate  Intake  of  water  during  tha  jungle  dietary  raatrlctlon  phaea, 
each  trainee  waa  ieaued  two  eantaana  and  they  ware  encouraged  to  drink 
as  auch  water  aa  poaalbla. 

Objective  of  Study 

Tha  aajor  objective  of  thia  atudy  waa  to  detaralne  If  increased 
rations  would  ba  required  to  prevent  any  deterioration  of  tha  sol- 
dier's physical  or  nutritional  status  during  Ranger  training.  To  eval- 
uate the  effects  of  extended  periods  of  caloric  restriction  during 
heavy  physical  training,  the  following  changes  were  monitored!  (a) 
body  weights,  (b)  aelected  biochemical  parameters  of  the  blood,  (c) 
sklnfolds  and  selected  anthropometric  measurements,  (d)  urine  chemis- 
try values,  and  (a)  maximum  and  aubmaxlmum  work  performance  during 
treadmill  tea ting. 

Military  Justification 

This  Activity  has  the  mlasion  to  evaluate  the  rations  provided 
to  military  man/woman  to  ensure  that  adequate  nutrition  will  be  pro- 
vided to  him/her  under  a variety  of  duty  requirements  and  that  hie /her 
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effective  military  performance  will  not  ba  Impaired  by  improper 
nutrition. 3 The  garrison  or  Clean  A ration  has  bean  adequate  for 
moat  duty  assignments,  however  It  was  observed  in  1964  that  the  Ranger 
tralneee  at  the  Ranger  Training  Center  required  additional  rations. " 
Sines  this  Increased  food  allowance  has  been  terminated,  it  was  neces- 
sary to  obtain  current  data  to  reevaluate  the  dally  raqulrementa  of 
Rangers  during  training,  This  intensive  training  la  intended  to  in- 
crease physical  condition  and  efficiency  as  well  as  improve  military 
skills  and  self-confidence.  However,  excessive  body  weight  losaea 
during  training  may  be  detrimental  to  one's  physical  and  mental  well- 
being end  learning  capability.  Soma  weight  loss  is  expected  elnce 
dietary  limitations  are  imposed  to  simulate  combat  situations. 


71  Medical  Services  Nutritional  Standards,  AR  40-25,  Auguet  1972. 

4,  R&D,  DOD  Pood  Research  Development,  Test  and  Engineering  Program, 
AR  70-3,  June  1975. 
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METHODS 


The  Ranger  trainee  dess  of  31  July  through  27  September  1973  was 
studied.  Of  the  298  male  applicants,  212  were  enrolled  and  135  com- 
pleted the  56-day  training  cycle.  The  graduates  included  8 Laotlons, 

2 Indonesians,  2 Canadians  and  108  US  Army  and  Marine  Corps  personnel. 
Questionnaires  regarding  date  and  place  of  birth,  race,  military  his- 
tory and  occupation,  smoking  history,  at  cetera,  were  administered 
to  the  early  arriving  student  trainees  during  the  week  before  training. 
The  average  age  of  the  135  men  who  completed  training  was  23.94  i 3,92 
years  and  their  heights  averaged  175,7  * 7,0  cm  (5*9. 2"  i 2,8"). 

Control  or  pretraining  and  posttrainlng  measurements  were  made  at  Ft. 
Banning,  Georgia;  intermediate  measurements  were  obtained  at  the  Frank 
Merrill  Mountain  Camp  in  North  Georgia  and  at  the  Ranger  Jungle  Camp, 
Eglln  Air  Force  Base,  Florida  (Table  1). 

Body  weights  were  obtained  in  the  nude  fasting  state  after  void- 
ing. Skinfold  thicknesses  were  measured  on  the  right  and  left  tricepa 
and  inferior  to  the  tip  of  scapula,  right  and  left.  Body  circumfer- 
ences were  obtained  at  the  xiphoatamal  level  of  the  chest,  waist,  and 
buttocks,  plus  extremity  circumferences  of  the  forearms,  biceps  and 
calves.  The  lateral  chest,  blhumeral,  and  bideltold  diameters  were 
measured. 

Each  day  that  the  men  were  weighed,  a specimen  of  the  first  urine 
voided  in  the  morning  was  obtained,  Specific  gravity  was  measured 
with  a refractometer  and  pH  by  a commercial  test  strip,  Test  strips 
were  used  to  obtain  values  for  glucose,  ketones,  blood  end  protein 
on  these  samples.  Approximately  25  ml  of  blood  were  drawn  from  each 
available  man  after  an  overnight  fast  before  training  and  again  on  the 
Doming  following  the  12-day  caloric  restriction- jungle  phase.  Each 
of  these  blood  specimens  was  divided  into  two  samples i First,  an 
ethylene  dlandne  tetraacetate  tube  for  hemoglobin  and  hematocrit  deter- 
minations and  second,  a serum  sample  for  the  determinations  of  total 
protein  (refractive  index  method),  vitamin  C,  iron,  iron  binding  ca- 
pacity, percent  iron  saturation,  calcium,  phosphorus,  sodium  and  po- 
tassium. 3 

Sixty-two  men  from  the  early  arrivals  were  selected  for  measure- 
ment of  maximum  work  capacity  on  the  treadmill  after  a physician  had 
obtained  and  evaluated  an  electrocardiogram  of  each  man.  This  test  was 
repeated  on  14  of  these  men  one  day  after  the  caloric  restriction- 
jungle  phase  and  again  on  25  men  (Including  the  14)  who  completed  the 
cycle  3 days  after  training.  The  treadmill  test  was  a modified  Balks 
technique. ° After  monitoring  respiratory  gases  for  5 minute  through 


the  continuous  gas  pattern  analyser,7  the  nan  walked  at  3,4  mlles/hr 
on  a level  treadmill.  After  each  minute,  the  treadmill  was  raised  IX 
in  grade  until  the  man  was  unable  to  continue  the  walk  and  the  aubject 
terminated  the  activity,  Continuous  measurements  of  pulse  and  respi- 
ratory rates,  expired  gas  volume,  oxygen  and  carbon  dioxide  content  of 
the  expired  gas,  and  anvlronstental  humidity  and  temperature  were  re- 
corded on  computer  input  tape  for  the  5-minute  preexercise  sitting 
rest  period  through  5 minutes  of  postexerclse  recovery.  These  data 
were  then  processed  by  computer  to  obtain  the  values  for  maximal  work 
capacity.  In  addition,  calculations  were  made  by  using  the  10  to  11 
minute  (10X  grade)  values  for  a standardised  submaxlmal  work  level. 
Copies  of  the  Ranger  Score  Shasta  (cadre  and  peer  ratings  of  each 
trainee  for  performance  during  field  exercises  in  each  phase  and  the 
physical  training  test  score)  vara  obtained.  Correlations  of  the 
appropriate  weight  changes  and  initial  body  weight  with  the  final 
total  aeora  and  various  parts  of  the  score  ware  performed. 

The  data  obtained  from  only  the  men  that  completed  training  ware 
statistically  evaluated  by  using  paired  or  unpaired-T  teats,  analysis 
of  variance,  linear  correlation  analysis  and  Nauman-Keul'a  Multiple 
Range  Testa  as  appropriate.  Significance  was  tested  at  the  5X 
confidence  levels, 

RESULTS 


Body  weights  and  circumferences  (Table  2)  significantly  decreased 
from  pretraining  through  the  mountain  phase  and  than  increased  during 
the  6 days  in  the  jungle  camp  before  the  field  exercise.  At  thla 
tf'M,  the  cheat  and  buttocks  circumferences  returned  to  pretraining 
vnlues  while  the  weights  and  waist  circumferences  were  slightly  but 
significantly  less  than  the  first  values.  The  12-day  field  study  with 
caloric  restriction  reduced  body  weights  5.93  kg  (13.0  lb)  concomitant 
with  reductions  in  the  clrcumf arencas . The  total  weight  loaa  from 
the  start  of  the  training  through  the  restriction  period  averaged  9.4X. 
The  individual  data  showed  that  43Z  of  the  American  men  lost  over  10Z 
of, their  initial  weights  and  4Z  of  these  man  lost  over  15Z,  The  5 men 
with  the  largest  weight  changes  had  an  average  loss  of  13.9  kg  (30.6 
lb  - ranging  from  23.8  to  36,7  lb).  Although  the  average  weight  of 
the  total  group  returned  to  within  1.5  kg  (3.3  lb)  of  their  initial 
weights,  these  5 with  the  largaat  losses  were  still  between  11.8  and 
23.5  lb  (average  19.0  lb)  below  their  pretraining  weights.  During 
restriction,  the  cheat  circumference  was  reduced  4.03  cm  (1.6  Inches) 
but  returned  to  within  1.5  cm  of  the  original  measurement  after  day  1 
of  recovery.  The  waist  measurement  was  decreased  4,77  cm  (1.9  Inches) 
while  the  buttocks  was  reduced  3.27  cm  (1.3  inches)  during  the  jungle 
exercise.  After  one  day  of  normal  military  meals,  the  buttocks  re- 
mained unchanged  while  the  waist  increased,  remaining  3.11  cm  (1.2 
Inches)  less  than  the  first  maaauremant. 


Nelson,  R.A.,  at  al.  USAMRNL  Report  Mo.  318,  FCH,  Denver,  May  1968. 


Although  all  of  the  decreases  In  the  extremity  circumferences  and 
body  diameter*  (Table  3)  measured  only  before  and  after  training  were 
highly  significant,  the  percent  changes  ranged  from  only  1.3  to  3.55! 
except  for  the  bleeps,  The  bicep  circumferences  were  reduced  by  over 
6.3%  for  both  the  right  and  left  arms. 


The  bilateral  skinfold  thicknesses,  reflecting  the  amount  of  body 
fat  (Table  4),  decreased  from  the  start  of  the  training  through  the 
entire  measurement  period  except  for  an  Increase  at  the  evaluation 
conducted  at  the  end  of  the  prerestriction- jungle  phase.  The  thick- 
nesses of  the  triceps  were  reduced  by  37.0%  (right)  and  38.4%  (left) 
and  the  subscapulaa  by  28.6%  (right)  and  29.3%  (left)  of  their  initial 
values,  Of  the  total  decreases  in  skinfold  thicknesses,  21  to  25% 
occurred  during  the  Banning  phase  and  another  40  to  52%  was  found 
after  the  mountain  training.  However,  akinfolds  increaaed  during  the 
first  6 days  of  the  jungle  phase  resulting  in  a net  50  to  54%  of  the 
total  decreases  occurring  prior  to  prolonged  caloric  restriction. 
Thirty  to  38%  occurred  during,  and  the  remaining  10  to  20%  after,  the 
caloric  restriction  portion  of  the  jungle  phase. 


Comparisons  of  body  weight  and  body  fat  changes  estimated  from 
anthropometric  data  (Table  5)  Indicate  that  essentially  all  of  the 
weight  losses  through  tha  mountain  training  phase  could  be  attributed 
to  loss  of  body  fat.  During  the  12-day  caloric  restriction-jungle  ex- 
ercise, 60.4%  of  tha  weight  loss  appeared  to  be  fat.  The  total  fat 
loot  was  about  26%  of  the  body's  original  fat  atores,  while  lean  body 
mass  losses  ware  about  3,7%  of  initial  amount  present. 


Tha  urinary  specific  gravity  levels  (Table  6)  were  relatively 
high  throughout  training  and  they  showed  a minute  decraaae  on  the  last 
day  of  measurement.  The  highest  specific  gravities  (significantly 
Increased)  were  at  the  ends  of  the  Ft.  Banning  and  the  jungle  caloric 
restriction  phases,  The  pH  of  the  urines  varied  within  the  normal 
range,  All  of  the  positive  reactions  for  glucose,  ketones,  blood,  and 
protein  were  trace  or  light.  There  were  significant  incidences  of  the 
presence  of  ketones  immediately  after  caloric  restriction  at  the  end 
of  the  mountain  and  jungle  phases.  No  significant  incidences  of  posi- 
tive reactione  for  urinary  glucose  or  blood  were  observed.  All  posi- 
tive reactions  for  glucose  were  from  one  trainee  (4  of  8 specimens). 
The  greatest  incidences  of  positive  urinary  protein  were  observed 
immediately  after  the  caloric  restriction  jungle  exercise  and  after  ths 
caloric  restriction  during  mountain  training.  In  both  instances,  tha 
?f  ?!inary  decreased  with  time  and  by  the  end  of  the 

J5J2  the  incidence  was  not  significantly  greater  than  at  the  initi- 
ation of  training,  Tha  urine  specimens  from  each  man  showed  3 men  with 
6 Positive,  1 man  with  5 positive,  10  men  with  4 positive,  and  Jhl 
remainder  of  the  men  with  3 or  less  positive  protein  reactions. 

Changes  observed  in  the  blood  and  serum  values  in  samples  obtained 
during  the  week  before  training  and  again  on  the  morning  following  the 
12-day  caloric  restriction-jungle  training  can  be  observed  in  Table  7. 
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The  serin  vitamin  C coneantratlona  wart  significantly  lncraaaad  by 
36 , 7%  whan  comparing  tha  posttraining  valua  to  tha  pratrainlng  laval. 
Although  tha  hemoglobin  values  were  significantly  increased  (but  only 
2.7%)  after  training,  the  hematocrit  was  unchanged.  Iron  binding 
capacity  decreased  only  3.4%,  which  was  significant,  but  serum  Iron 
concentration  and  transferrin  saturation  remained  unchanged.  The  6.5% 
decrease  of  serum  phosphorus,  26,8%  Increase  of  serum  potasaium  and 
2,3%  decrease  of  serum  protein  were  highly  significant  while  serum 
calcium  and  sodium  concentration  did  not  change.  The  limited  bio- 
chemical values  obtained  were  evaluated  using  the  criteria  established 
for  the  National  Nutrition  Survey0.  The  results  are  contained  In 
Table  8.  Serum  ascorbic  acid  values  ware  acceptable  for  all  trainees, 
both  pre  and  post  training.  Values  for  total  proteins  were  all  accept- 
able pretraining  with  one  "lass  than  acceptable"  post  training,  Pre- 
training,  9.2%  of  the  hemoglobin  values  and  31,3%  of  the  hematocrit 
values  wars  "lass  than  acceptable"  while  only  3,7%  of  the  hemoglobin 
but  36.6%  of  the  hematocrit  values  were  "less  than  acceptable"  immed- 
iately after  training.  There  were  4.7%  of  the  serum  iron  values  and 
2,3%  of  percent  saturation  of  transferrin  values  "less  than  accepta- 
ble" pretraining  but  10.5%  and  7.7%  respectively,  were  "less  then 
acceptable"  lmaedlately  post  training.  In  Table  9,  the  number  of 
trelnees  with  "leas  than  acceptable"  values  for  two  or  more  of  the  six 
parameters  evaluated  is  presented. 

The  maximum  work  performance  measured  provided  the  data  presented 
In  Table  10.  The  time  required  to  complete  maximum  work  performance 
did  not  permit  evaluation  of  more  than  14  men  on  the  day  Immediately 
following  completion  of  training.  These  same  14  man  and  11  othera 
were  again  evaluated  3 or  4 days  later  in  the  recovery  phase.  The 
work  time  of  the  man  were  significantly  less  after  training,  both 
Immediately  for  14  men  and  3 to  4 days  later  for  14  and  23  men  (in- 
cludes the  14  men) . Since  the  time  to  reach  maximal  performance  was 
reduced,  tha  work  oxygen  consumption  was  decreased  26,3%.  Both  work 
oxygen  and  total  (sum  of  work  and  tha  5-mlnute  postwork  oxygens)  oxy- 
gen consumptions  were  significantly  Increased  during  recovery  compared 
to  immediately  after  training.  However,  the  recovery  values  wars 
still  significantly  less  than  the  control  velues.  The  Balks  Index, 
which  la  a measure  of  the  amount  of  work  performed,  was  reduced  over 
16%  Immediately  after  training  and  then  Increased  significantly  by  7% 
but  did  not  reach  the  pretraining  values.  Physical  Fitness  Index  (PF1) 
scores  based  on  recovery  heart  rates  were  not  changed  significantly. 

Tha  data  listad  In  Table  10  fot  the  36  men  In  the  pretraining  phase 
were  obtained  from  men  who  felled  to  complete  the  training  cycle. 

The  resting,  submaxlmal,  and  maximal  work  heart  rates  (Table  11) 
were  all  significantly  decreased  immediately  after  training  and  all, 
except  for  maximal,  had  returned  to  normal  when  they  were  tested  3 
days  later.  Respiration  rates  ware  minimally  affected, 

ST  O'Neal,  R.M.,  at  al,  Pediatr  Xea  4il03,  1970. 
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The  ventilation  volume*  (tab la  12) , both  under  ambient  and  stan- 
dard conditions,  vara  raduoad  immediately  aftar  training  and  thasa 
daeraaaaa  vara  aignif leant  for  tha  aubnaxlnal  and  wax  Inal  verb,  Aftar 
3 days  of  recovery,  tba  resting  and  aubnaxiaal  vork  ventilation  vol- 
uaaa  vara  algnlfleaatly  higher  than  either  tha  pretraining  values  or 
lanadlataly-af tar-training  values.  Tha  aaxlaal  vork  values,  although 
significantly  Increased  over  tha  lanadlataly-af tar-tralnlng  values, 
vara  significantly  lass  than  tha  control  values. 

Tha  data  in  Table  13  shear  that  respiratory  quotients  vara  in- 
creased for  tha  recovery  aaasuraaant  at  rest  and  for  the  Itmadiataly- 
sf tar- training  and  recovery  tinea  during  aubnaxlnal  vork,  Carbon  di- 
oxide production  vas  algnlfleaatly  reduced  during  naxlnal  vork  both 
lanedlataly  aftar  training  and  3 days  later  but  vas  significantly  In- 
creased for  tha  recovery  aaasuraaant  at  rest  and  for  aubnaxlnal  vork. 

Oxygen  consunptlons  la  liter /nln  and  nl/kg/nln  (Table  14)  vara 
significantly  Increased  at  rest  for  the  recovery  naasureaent.  For 
aubnaxlnal  vork,  the  oxygen  consunptlons  in  liter/mln  vara  reduced 
innedlately  after  training  and  3 days  later j but  this  reduction  disap- 
peared vhen  oonaunptlon  vas  adjusted  for  body  veight.  Maximal  oxygen 
consunptlons  vers  significantly  reduced  at  both  tines  after  training 
although  sons  Increase  had  occurred  betveen  tha  lanadiate  and  the  3- 
day  posttraining  naasurenents . 

Few  significant  differences  vara  obtained  vhen  comparing  the  36 
nan  who  vara  dropped  before  the  sixth  veak  of  training  to  the  23  vho 
completed  tha  training.  Both  the  vork  and  total  oxygen  consunptlons 
(Table  10)  vara  13  and  12X  lover,  respectively,  for  the  aonflnlshers. 
The  tvo  indices  of  performance  capacities  vara  significantly  lover  for 
the  nonflnlshers  (Balks,  7X ; PFX,  12X).  Tha  nonfinlshere,  also,  had 
Increased  respiration  rates  (13.4X  - Table  11)  and  respiratory  quo- 
tients (5.9X  - Table  13)  and  decreased  oxygen  uptakes  in  liter /nln 
(6.8X  - Table  14),  Hovavar,  the  S.6X  lover  oxygon  uptakes  In  nl/kg/nln 
vara  not  significant. 

We  evaluated  a total  of  273  nan  vho  had  reported  to  tha  Ranger 
Department  as  potential  participants  in  this  training  cycle.  Sons 
potential  trainees  vara  not  able  to  successfully  complete  the  physical 
fitness  teat  given  prior  to  the  training  cycle  vhlle  a significant 
number  vere  eliminated  during  the  training  cycle.  Overall,  133  nan 
completed  the  cycle  vhlle  138  personnel  did  net.  Of  the  133  flnlshara 
only  120  vere  considered  to  have  completed  the  cycle  vlth  sufficient 
demonstrated  expertise  to  varrsat  graduation.  Tables  13  and  16  pre- 
sent sons  comparisons  between  the  finishers  and  the  non  finishers. 

Of  the  non  finishers,  8.9X  had  serum  Iron  values  and  8. OX  had  trans- 
ferrin saturation  values  "lees  than  acceptable"  as  compared  to  4.7X  of 
eerua  iron  and  2.3X  of  transferrin  saturation  values  "less  than  accept- 
able" for  tha  finishers  (Table  8) . Comparison  of  tha  halghte  and 
velghts  of  tha  tvo  groups  Indicated  that  they  were  not  significantly 


different  (Tabla  16  and  Flgura  1).  It  la  of  intereat  however  that  the 
naan  serum  aacorblc  add  valua  obtained  in  the  pretraining  period  was 
significantly  lower  (■  <0,005)  for  the  non  flnlshera  whan  compared  to 
the  flnlshera.  A complete  evaluation  could  not  ba  performed  on  the 
non  finishers  at  the  time  they  ware  dropped  from  the  cycle, 

The  dietary  restriction  portion  of  the  jungle  training  phase  was 
most  challenging  from  a physiological  and  psychological  standpoint. 

By  knowing  the  amount  of  weight  lost  In  this  period  and  the  food  in- 
take permitted  during  thia  12  day  period  (13  MCI  meals  with  an  average 
caloric  content  of  1,200  kcaloriea/meal)  and  assuming  all  food  was 
consumed  by  each  individual  it  should  ba  poaaible  to  calculate  the 
energy  expenditure  during  this  period.  Table  1?  presents  the  average 
dally  caloric  deficit,  daily  caloric  expenditure  and  average  daily 
caloric  expenditure  per  kilogram  of  weight.  The  data  for  the  ten 
oriental  officers  who  participated  in  the  training  cycle  and  data  from 
one  of  the  U,S,  Army  personnel  have  been  excluded.  Detailed  dnta  for 
the  remaining  124  finishers  are  contained  in  Appendix  D and  are  par- 
tially depicted  in  Figure  2.  In  Table  17  those  individuals  losing 
more  than  10X  of  their  initial  weight  as  determined  immediately  after 
completion  of  the  dietary  restriction  period  are  compared  with  those 
losing  less  than  10X  of  their  initial  weight.  For  all  measures  Hated 
except  "average  weight"  there  were  significant  differences  between  the 
two  groups.  The  average  dally  energy  expenditure  for  both  groups  com- 
bined was  calculated  to  be  4,055  kcalorlea.  In  equating  body  weight 
loss  to  energy  equivalents  two  factors  ware  used.  It  has  been  demon- 
strated that  the  weight  loss  of  adults  of  normal  weight  during  the 
initial  periods  of  starvation  or  semis tarvatlon  is  principally  water9. 
As  the  period  of  starvation  or  semistarvation  continues  beyond  three 
days,  the  weight  loss  due  to  excess  water  loss  gradually  becomes  neg- 
ligible until  the  caloric  equivalent  of  1 kg  of  weight  lost  is  approx- 
imately 7,700  kcalorlea.  On  refeadlng,  weight,  in  the  form  of  water, 
is  rapidly  regained.  During  this  study  the  group  as  a whole  regained 
weight  during  the  6 days  in  the  jungle  prior  to  dietary  restriction, 
(Tables  2 and  5) . However  22  of  the  124  men  continued  to  lose  weight 
or  failed  to  gain  weight  during  this  6 day  period.  It  was  then  assumed 
that  the  weight  loss  that  they  experienced  in  the  dietary  restriction 
phase  waa  equivalent  to  7,700  kcal/kg.  Based  on  body  composition  esti- 
mates the  total  weight  lose  represented  approximately  6SX  fat  and  lean 
body  mass  with  the  rest  water)  hence,  for  the  other  102  men  a factor 
of  5,005  kcal/kg  was  used  in  calculating  the  energy  equivalent  of  the 
weight  loaa.  It  should  ba  noted  that  of  the  22  men  who  lost  or  failed 
to  gain  weight  during  the  prerestriction  jungle  phase  9 were  from  the 
group  that  lost  leas  than  10X  of  their  body  weight. 

DISCUSSION 

This  study  of  the  Ranger  trainees  through  one  complete  cycle  of 
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training  waa  daalgnad  to  datarnlne  If  thaaa  nan  required  an  increased 
ration  allowance.  Since  the  training  la  vigoroua  and  indudea  period* 
of  reduced  ratlona  (3  daya  with  2 Meal,  Combat,  Individual  (MCI) 
packets/day  and  a total  of  15  daya  with  only  1 MCI/day),  nutritional 
atreaa  and  accompanying  weight  lose  waa  expected  and  had  been  reported 
by  the  training  cadre.  It  waa  neceeaary  to  document  the  amount  of 
body  weight  loaa  and  to  determine  if  either  weight  lose  or  training 
had  any  detrimental  effecta  upon  the  man'a  wealth  or  performance  capa- 
bllitiea . Thia  waa  accottpliahed  by  measuring  body  weights,  aklnfolda, 
anthropometry,  blood  and  urine  biochemical  properties,  and  treadmill 
performances  at  various  times  before,  during,  and  after  training. 

Body  weight  loss  reflects  both  caloric  defielta  and  body  water 
losses*  If  the  caloric  deficit  radueaa  only  body  fat  stores,  its 
effects  may  not  be  detrimental!  however,  since  loss  of  body  protein 
will  reduce  performance  capabilities  and  resistance  to  diseases,  the 
loss  may  have  residual  effects,  Excessive  water  loss  le  even  more 
critical  for  the  health  of  the  man  because  it  alters  the  body's  tem- 
perature regulating  mechanism,  With  accompanying  salt  losses,  the 
reduction  of  the  body's  water  content  may  produce  heat  cramps,  heat 
exhaustion,  and  heat  stroke^. 

The  average  body  weights  were  reduced  9.4X  by  the  end  of  the  ca- 
loric res trie tion-Jungle  training  phase.  Two  men  lost  over  17X  of 
their  initial  weights.  Estimates  based  on  the  anthropometric  data 
indicated  that  37X  of  weight  lose  waa  fat  (3.85  kg)  and  4.7X  was  lean 
tlaeue  mass  (0,32  kg),  However,  an  additional  2,59  kg,  not  attribut- 
able to  fat,  or  lean,  was  lost.  The  rapid  recovery  of  1.68  kg  after 
only  one  day  of  consuming  normal  dining  hall  mala  suggests  that  most 
of  thia  loss  was  water.  Since  the  training  personnel  at  Ft.  Banning 
did  not  feel  that  the  men  could  be  prohibited  from  eating  at  outside- 
the-dlning  hall  sources,  further  evaluation  of  water  changes  and  body 
protein  tissues  could  not  be  made.  Two  days  of  reported  fairly  heavy 
ad  libitum  consumption  from  all  sourcss  during  recovery  reduced  the 
average  weight  losses  to  less  than  1.31  kg  (3.3  lb).  However,  five  men 
who  had  lost  between  23  and  39  lb  were  still  between  11,8  and  23,5  lb 
below  their  initial  weights,  Although  the  average  urinary  specific 
gravity  levels  were  only  slightly  increased,  25%  of  the  men  had  urinary 
specific  gravity  levels  over  1,035  that  Indicate  that  theee  men  may 
have  been  conserving  body  water  that  was  approaching  critical  levels. 

It  should  be  noted  that  the  trainees  had  been  back  in  the  jungle  base 
camp  for  a few  hours  before  the  urine  and  blood  samples  for  the  imme- 
diate post  dietary  restriction  phase  were  obtained.  High  fluid  Intake 
in  this  period  could  have  reduced  the  specific  gravity  of  the  urines 
from  some  of  these  man,  The  higher  incidence  of  urinary  ketones  imme- 
diately aftor  both  the  mountain  and  jungle  caloric  restriction  phases 
indicates  excessive  fat  catabolism  resulting  from  exogenous  energy 
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deficiency.  Negative  water  balancea  accompanying  carbohydrate  and/or 
energy  deficiency  ketonurla  are  well  documented.*.  H-*13  The  ineveaeed 
Incidence  of  protelnurle  during  the  training  cycle  undoubtedly  re- 
fleeted  the  age  of  the  tralneea  and  the  vlgoroue  physical  training. 

Although  food  conaunptlon  waa  reatricted  to  the  allltary  dining 
hall  or  field  ration*  during  the  various  training  phaaea , the  trainees 
had  breaks  of  on*  day  or  leas  between  the  three  phesee  which  provided 
than  with  opportunities  to  purchase  and  consume  other  foods.  Fifteen 
of  the  aen  were  questioned  for  recall  Information  on  second  servings 
of  food  lteas  in  the  dining  hall  and  food  consumed  from  other  sources. 
The  consensus  of  their  opinions  was  that  the  dining  hells  served  an 
adequate  saount  of  food  during  the  first  phase  (Ft.  Banning  and  Camp 
Darby) , with  ailk,  bread  sad  butter  ad  llbltuai  and  seconds  available 
on  several  of  the  mala  entrees  Including  meats.  This  wae  reflected 
In  their  reporting  only  3,800  t 2,890  keel /nan  or  about  190  keal/day 
of  food  purchased  from  other  sources  during  this  phase.  The  men 
stated  that  the  eaalleat  portions  of  foods  (for  example  - only  1 glass 
of  allk  par  anal  Including  breakfasts)  were  served  at  the  mountain 
camp  dining  hall.  Tha  15  Interviewed  man  purchased  8,340  t 5,420  ad- 
ditional kcalorlsa  during  this  phase  or  about  460  keal/man/day . These 
men  Indicated  that,  although  fever  second  servings  ware  available  at 
tha  Jungle  camp,  the  Initial  servings  were  larger  then  at  the  other 
dining  halla.  The  total  average  consumption  of  foods  from  sources 
other  than  tha  dining  hall  for  the  Jungle  phase  until  graduation  was 
6,610  i 6,610  keal/man,  which  averaged  about  330  kcal/day.  However, 
this  period  included  12  days  of  a Jungle  exareisa  during  which  intake 
was  restricted  to  issued  operational  meals.  Zf  these  12  days  are 
deleted,  purchased  calories  averaged  830  keal/man/day.  These  addi- 
tional purchased  calories  would  be  equivalent  to  1.1,  2.4,  and  1.9  lb 
of  body  weight  for  the  three  consecutive  phases  of  tha  training.  Al- 
though 3.5  to  4 lb  additional  body  weight  loss  before  the  Jungle  re- 
striction exareisa  may  sound  Insignificant,  this  loss  along  with  that 
observed  would  have  totaled  about  12%  of  the  men's  Initial  body  weight 
by  the  end  of  the  Jungle  training. 

The  physician  coauthor  was  present  at  the  time  of  the  blood  draw- 
ing Immediately  post  restriction  and  was  quits  Impressed  by  the  general 
loss  of  skin  turgor,  particularly  of  the  arms  end  lags,  while  the 
tongues  and  buccal  mucosa  appeared  hydrated,  Thar*  appeared  to  be  loaa 
of  subcutaneous  fat  as  well  as  mild  dehydration.  The  lack  of  skin 
turgor  and  lose  of  subcutaneous  substance  made  blood  drawing  difficult 
for  the  trained  phlebotomlsta  because  of  the  mobility  of  veins. 
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The  highly  significant  (t  value-  15,92,  121  degrees  of  freedom, 
palxad  "t"  tast)  incvaasa  in  serum  potassium  immediately  post  restric- 
tion reflected  a mean  value  above  the  accepted  range  of  noraalacy.  In 
fact  soma  trainees  had  values  sufficiently  high  (6.8  - 6.9  mEq/L)  to  be 
associated  with  hyparkaleaic  toxicity.  While  a portion  of  the  increase 
in  serum  potassium  could  be  explained  bby  breakdown  of  lean  body  tissue 
to  supply  caloriea  with  resultant  release  of  potassium  (K)  such  a K 
load  should  have  been  handled  by  the  kidneys.  (The  mean  weight  lose  of 
the  16  trainees  with  serum  potassium  of  6.1  mEq/L  or  higher  was  10.62.) 
The  only  feasible  explanation  for  the  narked  rise  in  serum  K and  drop 
in  serum  phosphorus  is  that  metabolic  acldoala  was  present.  During 
metabolic  acidosis  both  sodium  and  potaaslun  are  forced  out  of  the 
Intracellular  specs  and,  if  not  promptly  disposed  of  by  the  kidneys, 
the  strum  potassium  lavals  will  increase.  Similarly,  at  may  ba  noted 
in  the  metabolic  acidosis  dua  to  diabetic  ketoacidosis,  phosphates  ere 
uaed  ee  buffers  by  tha  kidney  and  are  lose  in  the  urine  with  resultant 
decrease  in  strum  phosphorus.  The  astsbollc  acidosis  obatrved  hare  can 
be  expleiued  by  the  eemlstervetion  - ketoacidosis  - complicated  by  the 
heavy  physical  exertion  (lactic  acldoala)  demonstrated  by  many  of  the 
trelnaee  end  their  reduced  urine  volumes . Tha  limited  urinary  para- 
meters measured  subs tent late  this  impression. 

Else troesrdio grams  had  bsan  obtained  on  each  trainee  undergoing 
performance  taetlng  prior  to  treadmill  walking.  Tha  jungle  caloric 
restriction  phase  had  been  terminated  late  in  the  evening  upon  return 
to  the  bees  camp  at  Eglln  AFB,  Florida.  Blood  and  urine  specimens  end 
anthropometric  measurements  were  obtained  very  early  the  next  morning. 
After  administratively  clearing  tha  baas  camp  the  trelnaee  were  trans- 
ported by  bua  back  to  Ft.  Banning  lats  that  same  day.  Ths  flrat  par- 
formanca  testing  on  tha  14  tralnsaa  occuvrad  tha  following  morning,  at 
least  33  houva  aftar  completion  of  the  training.  Electrocardiograms 
wars  obtained  on  23  of  the  trainees  during  the  flrat  full  day  back  at 
Ft.  Banning  end  the  other  two  on  the  second  day.  The  electrocardiograms 
were,  for  the  most  part,  quits  similar  to  those  previously  taken,  how- 
ever two  or  three  did  contain  minimal  changes  compatibls  with  serly  po- 
tassium intoxication.  That  was  a post  hoe  obasrvatlon.  Sufficient  time 
had  transpired  before  the  electrocardiograms  were  obtained  to  correct 
the  electrolyte  imbalance  in  these  normal  young  adults. 

The  poet  jungle  training  blood  eeaple  revealed  a significant  in- 
craase  In  the  number  of  individuals  with  deficient  serum  iron  end  trans- 
ferrin saturation  values  (Table  8),  Xn  addition  the  mean  value  for 
total  protein  dropped  significantly  with  one  individual  having  e lass 
then  acceptable  value.  The  2,32  decrease  In  serum  proteins  may  suggest 
depletion  of  body  protein  storea,  m noted  above,  associated  with  the 
extended  period  of  caloric  restriction,  Yamaji^*15  has  reported  de- 
creases in  aerum  protaina  during  haavy  physical  training  and  suggested 
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that  thaac  protains  may  ba  part  of  tha  body's  labile  protein  stores'1 
which  could  ba  depleted  during  atreaa.  The  36  .7*  lncreaae  In  aerum 
aaeorblc  add  levele  may  have  been  due  to  the  cltrua  fruit  and  juices 
from  the  dining  hall  end  vitamin  C fortified  Instant  coffee  from  the 
rations*  While  there  was  a significant  rise  in  hemoglobin  values  sug- 
gesting hemoconcantration,  the  lack  of  significant  change  in  the  hema- 
tocrits and  serum  sodium  suggest  that  hemoconcantration,  if  present, 
was  not  significant,  This  suggests  that  the  clinical  evidence  of  dehy- 
dration was  dus  directly  to  the  water  loss  associated  with  aemlstarva- 
tlonM. 


To  assess  the  extent  of  any  decrement  in  physical  performance  cap- 
abilities that  may  have  occurred  during  training  and  the  associated 
caloric  restriction  and  weight  losses,  maximum  performance  tests  were 
conducted  on  the  treadmill.  The  Initial  treadmill  teat  was  conducted 
during  the  week  before  the  cycle  on  early  arriving  trainees.  Although 
the  cadre  recommended  that  we  perform  tha  majority  of  these  tests  on 
officers,  since  the  rate  of  completion  of  training  for  officers  was 
much  higher  than  for  enlisted  trainees,  it  was  not  possible  to  restrict 
the  study  to  the  officers  because  they  were  granted  leaves  and  passes 
during  this  period  while  awaiting  training.  Approximately  one  third  of 
the  tt<uj*  «ere  on  officers,  From  reports  by  the  cadre,  it  was  antici- 
pated .hat  about  502  ot  the  enrolleea  would  not  complete  the  course. 
Sixty-two  men  were  measured  on  the  treadmill  during  this  pretraining 
wssk.  Tvanty-aix  of  thesa  men  completed  training  and  eftsr  training 
msssursmsnts  wars  consisted  on  25  men.  Fourteen  of  these  25  trainees 
performed  another  maximum  performance  test  during  the  first  day  upon 
return  to  Ft.  Banning,  within  36  hours  of  the  caloric  restriction-jungle 
training  when  some  of  of  the  offsets  of  this  stress  would  would  still  be 
present.  The  poattralnlng  test  (indicated  ae  Recovery  in  the  tables) 
was  conductsd  3 to  4 days  after  the  caloric  restriction-jungle  training 
phase  was  completed  to  allow  tho  men  to  have  soma  time  to  recover  from 
the  transient  affects  of  caloric  restriction  end  associated  reduced 
body  water  as  well  as  the  fatigue  of  s 12-day  exercise  with  minimum 
sleep. 


Significant  decrements  in  most  of  the  maximum  performance  measure- 
ment* ware  observed  imeadiately  after  training  and  many  of  these  de- 
creases wars  also  found  during  standardised  submsximum  performance. 
Since  the  men  stopped  Che  treadmill  test  2.7  minutes  sooner,  ths  tread- 
mill grade  wee  lass  by  ths  asms  amount  so  that  ell  of  ths  measurements 
of  maximum  performance  were  reduced.  Some  of  those  effects  may  be  at- 
tributable to  fatigue  end  inability  to  continue  ths  test,  tha  metabolic 
acidosis  end  partially  to  fatigue-induced  lack  of  motivation  to  con- 
tinue. Ths  Balks  Index  includes  body  weight  as  a factor  so  that  ths 
weight  lose  contributed  to  the  16X  decrease  of  this  score,  8ince  th* 
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nan  performed  leee  work,  hit  oxygen  consumption,  cerbon  dioxide  produc- 
tion, ventilation  volume,  heart  and  respiration  rates  were  correspond- 
ingly reduced.  Although  soma  increasea  in  the  performance  measurements 
were  noted  after  3 days  of  recovery  when  most  of  the  transient  effects 
of  fatigus  and  metabolic  acidosis  should  have  disappeared,  most  of  the 
decrements  were  still  present.  Including  reduced  work  time,  oxygen  debt 
and  consumption,  Balke  Index,  heart  rate,  ventilation  volume,  and  carbon 
dioxide  production.  These  data  led  to  the  conclusion  that  physical  per- 
formance capacities,  at  least  those  measurable  by  this  treadmill  tech- 
nique, ware  reduced  by  the  end  of  training  and  a portion  of  these  dec- 
rements persisted  for  at  least  3 to  4 days. 

The  comparison  of  results  of  the  pretraining  treadmill  test  of  man 
who  completed  the  training  cycle  to  those  of  men  who  were  dropped  before 
the  sixth  week  revealed  only  subtle  differences.  Therefore,  even  if 
these  tests  were  given  as  a screening  test,  the  results  would  not  be 
helpful  in  predicting  who  would  complete  training.  The  greatest  dif- 
ference was  in  the  PFZ  scores  which  are  based  on  the  rates  at  which  the 
pulse  returned  to  normal.  The  better  the  physical  condition  of  a man, 
the  faster  his  heart  rate  will  drop  after  strenuous  exercise  and  the 
higher  the  score,  Therefore,  these  scores  reflect  the  expected;  the 
nan  who  were  less  physically  conditioned  did  not  complete  training, 

Zn  Table  17,  the  estimated  energy  expenditure  end  dally  caloric 
deficit  revealed  significant  differences  between  those  trainees  who 
loat  more  than  10%  of  their  body  weight  as  measured  Immediately  after 
the  dietary  restriction  phase  of  jungle  training  compared  to  their 
initial  body  weight  vs  those  losing  lsss  than  10%.  The  work  perform- 
ance data  were  evaluated  to  determine  if  any  difference  existed  between 
the  two  weight  loss  groups  for  the  performance  tests  conducted  on  the 
day  after  caloric  restriction.  Ho  significant  differences  could  be  de- 
tected though  the  number  of  subjects  was  small. 

As  pravlously  stated  the  data  from  the  B Laotian  and  2 Indonesian 
officer  and  one  of  the  American  military  personnel  were  excluded  from 
Table  17  and  Figure  2,  Of  the  10  Oriental  officers,  7 ware  less  than 
60  kilograms  while  the  other  three  weighed  slightly  over  60  kilograms 
at  the  beginning  of  training.  All  but  one  gained  weight  during  the 
Camp  Darby  phase  of  the  cycle  and  the  majority  gained  consistently 
until  the  dietary  restriction  portion  of  the  jungle  training  phase 
during  which  they  all  loat  weight.  The  one  American  who  was  excluded 
actually  gained  weight  during  the  caloric  restriction  phase.  As  can 
be  seen  from  his  data  presented  in  Appendix  D,  his  apparent  dally  cal- 
oric expenditure  of  17.2  keal/kg  would  not  have  been  sufficient  for  his 
basal  metabolic  needs,  to  ssy  nothing  of  the  energy  needs  imposed  by 
the  training,  Ue  was  one  of  tho  trainee  leaders  appointed  by  the  cadre, 
lie  completed  the  training  cycle  with  a sufficiently  high  rating  by  the 
Center  cadre  to  graduate,  hence  it  can  be  assumed  that  he  wee  physically 
performing  at  an  above  average  level.  Considering  that  his  skinfold 
measurements  end  body  circumference  stayed  approximately  the  bssm  or 
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Increased  during  this  "dietary  restriction"  phase,  the  weight  gain  must  1 

be  considered  valid,  It  became  apparent  that  this  Individual  had  to  be 
receiving  additional  £ood  over  and  above  that  iaaued  to  the  rest  of  the  | 

trainees,  Based  on  the  estimated  average  dally  caloric  expenditure  | 

<4,055  keal/day)  and  the  caloric  equivalent  of  hia  weight  gain,  he  wcv.ld  f 

have  had  to  received  the  equivalent  of  41.4  MCI  meals  in  this  period  as  j 

compared  to  the  13  meals  provided  each  of  the  other  trainees.  While  j 

barter  of  food  between  trainees  undoubtedly  took  piece  and  may  explain 
•one  of  the  very  high  calculated  energy  expenditure  values  (in  those  j 

bartering  away  high  energy  items),  it  appears  unlikely  that  it  could  be  1 

considered  as  the  source  of  the  extra  energy  consumed  by  this  trainee  I 

leader.  While  the  data  from  this  individual  were  excluded  from  Table  j 

17,  his  data  were  Included  in  data  presented  In  Tables  2, 3,4, 5, 6,  and  7.  4 

Copies  of  the  Ranger  trainees'  final  scores  were  obtained  and  cor-  J 

relation  analysis  were  calculated  against  weight  changes,  No  relation- 
ships could  be  established  between  either  the  total  score  or  any  of  Its  :Jj 

parts,  and  any  or  all  of  tha  weight  changes.  Since  a large  portion  of  ] 

the  trainees'  grading  is  sub j active  by  both  cadre  and  peers,  the  lack  | 

of  correlations  were  anticipated.  1 

In  the  1964  Ranger  Survey  the  energy  requirement  averaged  4,842 
keal/man/day.  During  the  caloric  restriction  phase  In  1973  at  Eglin 
A.FB,  the  estimated  caloric  expenditure  was  4,020  ± 900  keal/man/day 
(Sea  Appendix  A) . Using  a different  research  approach,  it  Is  noted 
above  that  for  the  same  jungle  caloric  restriction  phase,  the  estl-  j 

mated  expenditure  was  4,055  i 540  keal/man/day.  These  estimates  of  ! 

energy  requirements  between  the  studies  are  quite  disparate  and  need  : 

explanation,  There  are  a number  of  factors  which  have  a bearing  on  the  j ( 

apparent  dlecrepancy  in  the  results;  a few  of  which  will  be  discussed.  ] 


The  study  conducted  In  1964  addressed  only  the  16  days  of  the  Ft,  i 

Benning/Camp  Darby  phase  of  the  Ranger  training  cycle.  The  approach  | 

used  during  that  study  was  labor  intensive  and  included  time-motion  j 

studies  of  the  Ranger  trainees  throughout  that  portion  of  the  training  ! y 

cycle,  Tha  oxygen  consumption  (energy  expenditure)  for  many  of  the  ! '! 

Ranger  training  activities  had  not  previously  been  measured  and  were  > } 

determined  using  USAMRNL  team  personnel  performing  the  tasks  under  ac-  j '!• 

tual  field  training  conditions.  In  addition,  all  food  consumed,  includ-  j 

ing  that  provided  by  the  dining  facilities  both  in  garrison  and  in  the  j j 

field  as  well  as  food  procured  from  outside  sources  was  measured  and  j 

nutrient  consumption  was  accurately  determined.  Based  upon  the  time-  j j 

motion  studies  the  training  at  Ft.  Benning/Camp  Darby  required  the  ex-  : ;; 

pendlture  of  4,249  keal/man/day,  However,  it  was  demonstrated  that  the  < 

men  were  coneuming  an  average  of  4 , 129  kcal  from  food  procured  from  the  } ' 

dining  facilities  and  272  keal/day  from  outside  the  dining  facilities  | 

for  a total  of  4,401  keal/day.  Despite  an  apparent  over  consumption  of  $ ! 

calories  in  relation  to  energy  expenditure  determined  by  time-motion  j S 

studies,  tha  man  lost  weight.  DurlnR  the  period  of  the  study  the  | J 

weight  loss  sustained  was  equivalent  to  442  keal/man/day.  When  tha  J | 


caloric  equivalency  of  Cha  weight  loaa  waa  added  to  tha  known  consump- 
tion, It  waa  noted  that  tha  nan  were  utilising  4,846  kcil/day. 

In  1973  when  the  USAMRNL  waa  directed  to  conduct  the  currant  study 
as  raquested  by  tha  Banger  Department,  USAMRNL  was  already  coanlttad  to 
conduct  a number  of  other  studies  that  had  to  be  completed  prior  to  the 
transfer  of  the  function  scheduled  to  occur  late  In  1973.  Due  to  the 
Impending  transfer  of  function,  military  and  civilian  personnel  were 
being  loat  without  replacements.  At  the  time  of  the  1964  study  author- 
isation for  increased  rations  for  tha  mountain  and  jungle  phase  of  tha 
Rangar  training  cycle  were  already  in  effect*  In  1973,  the  request  for 
an  lnereaae  in  authorisation  for  all  phases  had  to  be  evaluated.  Hence 
an  eight  week  study  was  necessary , Due  to  tha  USAMRNL  personnel  losaas 
and  commitments,  it  waa  impossible  to  measure  food  consumption  on  a 
dally  basis.  Thera  was  only  one  phase  of  the  training  cycle  in  which 
food  consumption  was  sufficiently  controlled  to  permit  an  estimation  of 
energy  expenditure.  That  was  during  tha  jungle  caloric  restriction 
phaae.  However,  we  have  no  way  of  validating  that  tha  physical  activ- 
ity during  this  phase  was  equivalent  to  that  required  (and  previously 
measured  during  the  1964  study)  for  the  Ft.  Bennlng  phase  of  the  cycle 
or  that  required  at  the  mountain  camps. 

From  tha  dietary  histories  of  a select  population  described  above, 
it  was  stated  that  the  food  intake  provided  the  man  during  tha  1973  Ft, 
Bennlng/Camp  Darby  phase  of  training  was  adequate.  This  is  reflected 
in  a relatively  low  consumption  of  food  procured  from  outside  the  dining 
facilities,  Deapite  this,  it  esn  be  determined  from  Table  8 that  there 
waa  a freight  loss  which  averaged  0,96  kg  of  body  fat/man  for  that  period. 
That  would  have  been  equivalent  to  393  keal/man/day.  Xf  it  could  be 
assumed  that  tha  man  ware  consuming  from  the  dining  facility  at  least 
the  equivalent  to  that  consumed  In  1964  l.e.  4,129  keal/man/day,  with 
an  additional  190  kcal  being  procured  dally  from  outside  sources  and  a 
caloric  equivalent  of  the  fat  loss  of  393  keal/day,  tha  total  expend- 
iture for  this  period  would  have  been  4,712  keal/man/day  or  only  13S 
kcal  less  than  that  calculated  in  1964,  When  tha  data  from  the  Ft. 
Bennlng/Camp  Darby  phase  studied  in  1964  are  compared  to  the  resulte 
obtained  during  1973  and  assumptions  are  made  pertaining  to  food  intake, 
energy  requirements  between  the  two  etudles  are  not  greatly  different. 

Two  additional  factors  should  be  considered  in  evaluating  the  dif- 
ferences between  the  1964  and  1973  data.  In  1964  tha  study  was  conduct- 
ed between  27  Nov  and  20  Dec.  Xt  was  quite  cold  in  the  field  and  during 
the  field  studies  the  men  did  not  have  sleeping  bags  to  guard  against 
the  cold,  hence  increasing  tha  need  for  energy  to  maintain  body  warmth. 
This  was  not  true  during  the  July-8ept  1973  study.  Xn  addition  the 
Banger  Department  personnel  had  indicated  that  the  training  cycle  se- 
lected by  USAMRNL  for  study  in  1973  was  not  ideal.  Problems  aroas  be- 
cause of  the  very  mixed  backgrounds  of  tha  students  participating,  in- 
cluding a very  large  number  of  foreign  trainees.  All  of  problems  tended 
to  increase  the  need  for  familiarisation  training  and  a decrease  in  the 
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vigor  of  th«  training.  It  was  auggastad  that  It  would  ba  better  If  the 
etudy  could  ba  conducted  later  in  the  year,  but  unfortunately  due  to 
MRNl’s  other  conaltmante  that  wae  not  possible. 


The  Ranger  training  program  la  dealgned  to:  train  men  In  survival 
techniques;  Increase  eelf  confidence;  and  Improve  self  discipline.  In 
view  of  the  environmental  stresses  and  physical  activities  during  the 
jungle  phase,  it  la  seriously  questioned  whether  the  caloric  restric- 
tion has  to  be  severs  enough  to  produce  a metabolic  acidosis.  While 
the  personnel  under  going  the  training  are  normal,  healthy  individuals 
who  should  rapidly  recover  from  a period  of  metabolic  acidosis,  one 
wonders  whether  their  capability  for  asslmulatlng  maximal  training  op- 
portunities is  impaired  by  this  period  of  metabolic  acidosis.  The 
studies  dascrlbad  above  have  not  addressed  that  problem. 

CONCLUSIONS 

Our  data  confirmed  the  report  of  the  Ranger  Department;  the  Ranger 
trainees  have  large  losses  of  body  weight  during  portions  of  the  8 -week 
training  cycle,  Since  the  training  protocol  has  extended  periods  of 
caloric  restriction  (some  quite  severe) , body  weight  loss  wae  expected 
and  therefore  only  the  magnitude  and  the  physiological  significance  of 
these  losses  required  documentation.  Although  over  half  of  the  average 
losses  could  be  attributed  to  fat,  the  losses  of  protein  and  water  were 
excessive  and  should  not  be  tolerated.  A small  suhpopulatlon  indicated 
during  interview  that  the  men  consumed  about  12,100  kcalorles  from 
sources  outside  of  the  military  dining  room  before  the  jungle  exercise. 
This  would  be  equlvelent  to  3.S  lb  of  body  weight  per  man.  The  ob- 
served weight  losses  averaged  9.4X  (maximum  17, 5X)  of  the  average  ini- 
tial weight.  Therefore,  without  the  supplemental  calories  from  other 
sources,  weight  losses  could  have  averaged  naarly  12X. 

From  the  limited  blood  biochemical  constituents  examined,  the  In- 
dications of  the  nutritional  stress  wsre:  the  increaeed  percentage  of 
trainees  with  lese-than-acceptable  values  for  hematocrits,  serum  iron 
concentrations,  and  transferrin  saturstlon;  the  slight  but  significant 
decrease  of  serum  proteins  which  suggests  a depletion  of  labile  protein 
stores;  and  the  marked  increase  in  serum  potassium,  with  a decrease  in 
serum  phosphorous  indicating  the  presence  of  a significant  though  tran- 
sient metabolic  acidosis. 

The  various  messurements  of  physical  performance  capacities  on  the 
treadmill  showed  decrements  of  10  to  15X  immediately  after  the  caloric 
restriction- jungle  training,  Although  several  factors  including  fa- 
tigue, metabolic  acidosis  and  reduced  total  body  water  may  have  con- 
tributed to  these  decreases,  the  major  portion  of  each  of  the  decre- 
ments wae  still  observed  3 to  4 days  after  training  wae  completed  when 
water  balance  should  have  been  normal,  the  metabolic  acidosis  should 
have  been  corrected  and  the  man  had  tha  opportunity  to  obtain  a few 
good  nights  of  rest,  Tha  loss  of  lean  body  mass  due  to  catabolism  of 
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tissue  protein  to  satisfy  a caloric  deficit  would  not  be  corrected  in 
this  tine  frame.  The  effects  of  fatigue  after  the  strenuous  field  ex- 
ercise would  be  anticipated;  but  the  longer  term  detrimental  effects 
upon  performance  should  be  prevented  if  possible. 

RECOMMENDATIONS 

1.  Dally  food  Issues  should  be  increased  10Z  during  the  first  phase 

of  training  at  Ft.  Banning  and  Camp  Darby,  .. 

Comment t An  additional  350  to  400  kcal  should  prevent  weight  ‘ 

losses  even  if  the  men  could  not  purchase  any  food  from  other  sources. 

Although  the  Master  Menu  provides  4,600  kcal/day  as  issued,  normal 
preparation  and  cooking  losses  and  unavoidable  plate  "waste"  are  be-  .• 

tween  14*  and  24*  thereby  the  consumed  calories  ars  reduced  to  3500  to 
3950  kcal/day.  When  surplus  commodities,  including  milk,  were  avail- 
able, the  basic  issue  could  be  readily  supplemented.  This  obviously 
happened  during  the  1964  survey  when  the  men  were  consuming  4,120 
kcalorles  within  the  military  dining  facility.  When  surplus  commod- 
ities are  unavailable,  supplementation  of  the  basic  issue  is  no  longer 
possible.  | 

2.  Dally  food  issue  should  be  increased  15Z  for  Class  A meals  fed  ! 

during  mountain  and  jungle  training  phases.  . >] 

Comment!  With  th*  9 missed  meals  during  mountain  training,  addl-  j 

tionsl  food  should  be  provided  when  the  men  are  consuming  Class  A j 

meals.  These  500  to  600  kcal/day  would  only  prevent  the  weight  losses 
observed  during  the  study  and  not  replace  the  outslde-the-dining  hall 
consumption.  The  additional  food  after  the  12-day  1200  kcal/day  period  ‘ 

would  provide  some  excess  calories  to  correct  the  metabolic  acidosis  ; 

associated  with  the  weight  lost  during  the  vigorous  jungle  oxercise  and 
should  reestablish  water  balances  sooner,  ] 


3,  Consideration  should  be  given  to  issue  of  at  least  16  MCI  meals  or 
their  equivalent  during  the  12  day  caloric  restriction  Jungle  phase. 

Comment!  The  additional  meals  would  be  used  after  periods  of  very 
strenuous  or  prolonged  physical  exertion,  not  as  rewards,  but  to  counter 
or  prevent  the  adverse  mental  and  physical  consequence  of  metabolic 
acidosis, 

General  Comment!  Although  energy  expenditure  was  not  measured  during 
this  evaluation,  the  Ranger  Department  states  that  training  now  aver- 
ages 132  hr/wk  compared  to  102  hr  during  the  1964  study.  Even  if  this 
expenditure  had  not  Increased,  this  level  of  work  would  require  at  least 
a 20*  increase  in  the  ration  issue  to  maintain  energy  equilibrium  with- 
out considering  the  15  days  of  1,200  kcal/day  and  3 days  of  2,400  kcal/ 
day  Intakes  during  the  combat  simulation  exercises.  Therefore,  the  15* 
recommended  increase  can  be  considered  conservative.  These  additional 
calories  should  permit  the  men  to  start  the  extended  severe  calorie  re- 
striction phases  with  their  weight  near  thair  initial  body  weight. 
Therefore,  the  loss  of  10  to  15  lb  during  this  period  would  not  be  addod 
to  losses  previously  Incurred  and  should  not  be  as  detrimental  to  health. 
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APPENDIX  A 

SURVEY  OF  TRAINEES  OF  THE  RANOER  TRAINING  CENTER,  RANGER  DEPARTMENT, 
FT.  BENNING,  GEORGIA 
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The  calculation  of  dally  energy  expenditures  of  the  North  American 
trainees  based  on  3500  kcal/lb  (7700  kcal/kg)  of  body  weight  and  assum- 
ing Intakes  of  1200  kcal/one  MCI,  provided  an  average  of  5090  4 7B0 
kcal/day  during  the  caloric  restriction-jungle  training  phase  if  the 
weights  for  the  first  postveatrlction  morning  were  used.  However,  the 
body  composition  data  Indicated  some  weight  iosa  resulted  from  body 
water  loss  (negative  water  balances  associated  with  caloric  restriction 
are  well  documented  from  both  this  and  other  laboratories)  therefore, 
this  figure  would  be  an  over-estimate  of  energy  expenditure.  If  we 
assume  that  3700  kcalorles  were  consumed  during  the  first  day  after 
restriction  when  no  food  purchases  from  outslde-the-dlning  hall  sources 
ware  permitted  and  if  we  use  the  aacond  morning  weight,  the  average 
estimated  caloric  expenditure  would  be  reduced  to  4020  4 900  kcal/day. 
Since  the  consumable  calories  from  the  Master  Menu  are  about  3600  to 
3800  kcal/day,  a 15%  increaae  in  issued  rations  would  be  required  to 
maintain  caloric  equilibrium  in  the  majority  of  the  men.  Maintaining 
caloric  balance  in  83%  of  the  men  would  require  4900  kcal/day  (based  on 
the  4020  4 900  kcal/day  estimate).  The  Far  Eastern  foreign  nationals, 
being  of  smaller  stature  end  lesser  body  weight,  had  a daily  energy  ex- 
penditure of  4430  ± 480  kcal  if  the  first  post restriction  morning’s 
weight  was  uaed  In  the  calculation  or  3440  4 430  kcal/day  if  the  sec- 
ond postrestrlctive  morning's  weight  was  uaed  in  calculation.  The 
latter  figure  would  be  consietent  with  the  observed  weight  gain  of  1.78 
4 1.96  kg/man  during  the  training  before  the  12-day  exercise.  The  41 
gm/day  weight  gain  would  be  equivalent  to  320  kcal/day,  which  would  then 
equal  a total  intake  of  3760  kcal/dey.  The  North  Americans  lost  1.05  kg 
of  weight  before  restriction  (100  kcal/dey  deficit)!  however,  the  ca- 
loric deficit  for  the  3 days  with  1 meal  and  3 days  with  2 meals/day 
during  mountain  training  wan  10,800  calories  (equivalent  to  1,40  kg). 
These  men  maintained  caloric  balance  by  the  consumption  of  about  400 
kcal/day  from  outslde-the-dlning  hall  sources.  If  we  subtract  these  ca- 
lories from  the  4020  Cal/day  estimated  expenditure,  we  find  that  the 
dining  halls  ware  supplying  about  3620  kcal/day.  This  confirms  the  fig- 
ure 3600  to  3800  kcal/day  consumed  from  the  4500  to  4600  Issued  calories 
In  the  food  supplied  by  the  Master  Menu  with  15  to  20%  lost  through  all 
wastes  including  storage,  preparation,  cooking  and  plate  waste. 
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Figure  1.  Conpariaon  of  Che  iniciel  weights  of  training 
cycle  finishers  vs  non-finiahare 

Figure  2.  Daily  energy  expenditure  during  jungle  dietary 
restriction  phase.  The  distribution  of  energy 
expenditure  as  expressed  in  kilocalories/kilogram 
is  provided  for  the  training  cycle  finishers. 
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TABLE  1.  Schadula  of  maaauremanta 


Julian 

Data 

Phaaa 

Activity 

Laboratory  Taata  and 
Maaauraaainta  Schadulad 

204-213 

Entraining  or 
control 

Datalla/paaaaa 

awaiting  training 

Body  valghta,  urlna 
chaniatrlaa,  blood 
chanlatriea,  akinfolda, 
comp lata  anthropomatry , 
traadad.ll  parformanca. 

232 

End  of  Banning 

Complatad  phyalcal 
training,  claaa- 
room,  abort  flald 

axarclaaa. 

Body  valghta,  urlna 
chaniatrlaa,  akinfolda, 
3 body  dlamatara. 

249 

End  of  mountain 

Mouit alnaa ring  with 

3 day a of  2 maala 
and  3 day*  of  1 maal 
par  day. 

(Sana  a a 232) 

255 

Jungla,  and  of 
praraatrictlon 

Claaaroom,  Jungla 
tactica 

(Sana  aa  232) 

267 

Jungla,  poat- 
natrlction 

Complatad  12-day 
atranuoua  jungla 
axardaa  on  1 anal 
par  day.  Food  re- 
atrlctad  to  dining 
hall. 

(Sana  aa  232)  Addt 
blood  chaniatrlaa. 

268 

Racovary  day  1 

Claan-up  datailaj 
food  ad  libitum. 

(Sana  aa  232)  Addi 
Treadmill  parformanca 
(14  man). 

269 

Racovary  day  2 

Datalla,  food  ad 
libitum. 

Body  valghta ( urlna 
chaniatrlaa. 

270 

Racovary  day  3 

Graduation 

Body  valghta | urlna 
chaniatrlaa t treadmill 
parformanca.* 

271 

Treadmill  parformanca* 

*16  nan 
40nly  9 

man 

2d 

TABLE  3.  Body  circumferences  and  diameters  measured  In  centimeters 
pretraining  end  post training. 


PretraininR  Poattraining 

Site  Av  80  Av  80  Significance1 


Circumferences 


Right  forearm 

27 .85 

t 

1.56 

27.31 

* 

1.37 

o.oni 

Left  forearm 

27.32 

t 

1.63 

26.93 

1 

1.43 

0.001 

Right  biceps 

30.38 

i 

2,09 

2ft, 45 

1 

1.76 

0.001 

Left  biceps 

20.97 

t 

2.27 

2ft. 08 

t 

1.79 

O.oni 

Right  calf 

38.15 

t 

2.27 

37.52 

t 

2.45 

0,001 

Left  calf 

37.81 

t 

2.26 

37.31 

t 

2.41 

0.001 

Diameters 

Bideltoid 

48.89 

t 

2.23 

45.95 

t 

1.87 

0.001 

Bi humeral 

48.78 

t 

2.62 

47.40 

t 

2.19 

0.001 

Lateral  cheat 

31.14 

i 

2.14 

30.04 

± 

1.73 

0.001 

*Moat  significant  level  attainable  from  paired -t  etatlatlc. 


d thicknesses 


TABLIC  7,  Blood  values  (mean  t SD) 


Value  Measured 


Pratralning  Posttraining 


Av 


SD  Av 


SD  Significance 


Vitamin  R 

(mg/dl) 

0,79 

t 0.28 

1.08 

1 0,26 

0.001 

Hemoglobin 

(g/dl) 

IS. 29 

t 1.03 

15.70 

± 1,02 

0.001 

Hematocrit 

( X cells) 

44.4 

t 2.4 

44.2 

1 2.7 

NS 

Iron 

(UR/dl) 

100.4 

& 28.5 

99.9 

i 29.6 

NS 

Iron  binding  capacity 

(mg/dl) 

293.0 

1 49.0 

283.0 

i 33.0 

0.05 

Trans  ^rrin  saturation 

<*> 

33.1 

1 11.8 

33.5 

t in. 3 

NS 

Serum  calcium 

<mF,q/I.) 

4.88 

t 0.29 

4.95 

t 0.21 

NS 

Serum  phosphorus 

(mg/dl) 

4.32 

t 0,66 

4,04 

t 0.43 

0.001. 

Serum  sodium 

(mRq/L) 

139.6 

1 3,9 

140.5 

1 2.6 

NS 

Serum  potassium 

(mKq/T.) 

4.1 

t 0.4 

5.2 

± 0.6 

o.om 

Serum  protein 

(g/dl) 

7.73 

i 0.47 

7.55 

1 0.42 

0.001 

Craateat  level  of  significance  obtainable  from  paired-t  statistics. 
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TABLE  8.  Number  of  biochemical  values  less  than  acceptable,  training  cycle  finishers 


Posttraining 


TABLE  10.  Valuee  for  maximum  wotk  performance. 


Immediately 


No.  of 

Pretraining 

After  Training 

Recovery 

Men 

Av  SD 

Av  SD 

Av  SD 

Tima  to  Exhaustion  (min) 


a * 14 

24.82  ± 

2.91 

22.11* 

£ 

2.72 

22,86* 

1 

2.08 

..  i 25 

25,04  t 

2.45 

22.66* 

£ 

2.79 

36 

23.66  i 

3,00 

; Work  Oxygen  Consumption  (liters) 

1 I 

1 14 

49.75  £ 

9.40 

36.69* 

£ 

10,22 

4l.46*'b 

1 

10.04 

i 25 

50.45  £ 

7.86 

34.76* 

£ 

9.63 

36 

42.70c  £ 

12.03 

j 

Total  OxvRan  Consumption  (liters) 

14 

54.58  i 

10.50 

40,13* 

t 

10.74 

45.36b 

£ 

10.52 

25 

55.05  £ 

8.38 

43.49* 

£ 

10.18 

36 

48.46c  £ 

10.27 

Balka 

tndex 

( 14 

1613.6  1 

236.8 

1353.8* 

t 

255.3 

1471 .6^ 

t 

200.9 

25 

1613.2  t 

182.9 

1441,2* 

t 

196.4 

36 

1499.0*  i 

232.5 

Physical  Fitness  Index  Scores 

14 

170,0  1 

34.2 

174.6 

i 

27.9 

160.9 

t 

18.2 

r!  25 

170.2  i 

30.4 

162.1 

£ 

26.0 

36 

150,1*  i 

18.7 

[ 1 i 

5 | “significantly  diffarant  fro#  pretrsining  valua. 

b 

Significantly  diffarant  from  innedlntely-after-trsining  valua, 


*SlRnlficantly  diffarant  fro#  values  of  25  finishers. 


TABLE  11.  Pulse  and  respiration  rates  at  various  work  levelo. 


No.  of 
Men 

Hcartheata/min 


Pratrainlng 
Av  SD 


Sitting  Best 


72.1  4 15.4 
73.3  4 14.2 
72.1  4 12.3 

Subwaxlmal  Work 

137. 0 ± 11.9 

138.2  4 12,3 
143.6  4 12.5 

Maximal  Work 

190.5  4 13.1 
190.5  4 12,6 

188.2  t 11.8 


Immediately 
After  Training 
Av  SD 


63.9"  4 8.7 


122.0*  4 12.8 


178.0“  ± 15.0 


Recovery 
Av  SD 


75,5  4 17.8 

72.9  4 15.5 


138.2°  4 15.5 
135.8  1 15.3 


186.2°  4 10.3 
183.6*  4 11.3 


Breaths /min 


Sitting  Peat 


13.0  4 2.4 

15.6  4 13.5 
14.3  4 3.2 

Subwaxlmal  Work 

21.2  4 3.8 

23.1  i 4.6 
26. 2C  4 5.3 


12.2  4 2.8 


21.4  4 4.3 


14. 8b  4 3.6 
14.0  4 3.1 


23.2  4 4.5 

24.9  4 5J 


Maximal  Work 

37.9  4 8.1 
38.0  4 7.8 

36.9  4 8.4 


32, 0a  4 4.1 


34.0  4 4.6 

35.3  4 7.0 


Significantly  different  from 
Significantly  different  from 
Significantly  different  from 


pretraining  value, 
immedlately-af ter- training  value . 
value  of  25  finiatiera, 


!v  -•  /i  * ' , 


TABLE  12.  Ventilation  volumes  et  various  work  levels. 


E i 'i 


Immediately 

No.  of 

Pretraining 

After  Training 

Recovery 

Men 

Av  SO 

Av  SO 

Av 

SO 

Liters  (BTPSl/mln 

i 

i 

Sitting  Rent 

! 14 

A. 13  4 2.22 

8.88  4 2.02 

11.36*,b 

4 1.72 

1 25 

9.16  4 2.04 

10.09® 

4 1.88 

j 36 

9.11  4 2.A2 

i 

Submaxlmal  Work 

i 

1A 

AA.A3  1 5.08 

41.35*  4 A. 27 

47.32**b 

4 5.05 

25 

AA.27  4 5.10 

47.34* 

4 A. 89 

36 

A6.29  4 7.71 

Maximal  Work 

1A 

111*24  4 22. AO 

86.70*  t 19.56 

101. 68b 

4 15.96 

25 

113.75  4 18.70 

99.40* 

4 15 ,47 

36 

106.79  4 22,00 

Liters  (STPD)/min 

Sitting  Rea.tL 

1A 

7.67  4 1.87 

7.30  4 1.67 

9.3la,b 

4 1.40 

25 

7.71  4 1.71 

9.00* 

4 1.53 

36 

7.67  4 2,04 

- 

Submaxlmal  Work 

14 

37.80  4 A. 78 

33.97*  4 3.52 

38.77h 

4 4.11 

1 25 

37.67  4 A. 16 

39.16 

4 A. 97 

36 

29. A0  4 6.89 

i 

Maximal  Work 

1A 

93. 5A  4 18.95 

71.22*  4 15.98 

83.3A*’l> 

4 13.07 

. 25 

95.75  4 15.91 

81,42* 

4 12.74 

! 36 

89,95  4 18.51 

! BTPS  « 

Body  Temperature.  Ambient  Barometric  Pressure,  Saturated  with 

1 

1 

water. 

! STPt)  « 

Standard  Temperature, 

Saromatric  Praaaure 

, Dry. 

Significantly  different  from  pretraining  value. 

’significantly  different  from  immediately-after-training  value. 

in 


pV/'. 

1 , ,\|*  f.'Vi.v* 

v • ijjh. 

y:;1 

•i 

j 

•v  r *'  rt.***-* 1 

TABLE  14.  Oxygen  consumption  at  various  work  lavala 


1 


No.  of 
Man 


Pratralnin 

Av  t-iVj 


Immediately 
Afear  Training 
Av  SO 


Racovery 
Av  SD 


Sitting  goat 

0.281  1 0.0)2 
0.274  t 0.0)0 
0.29)  * 0.076 

Submaximal  Work 

2.013  * 0.199 
1.999  t 0.171 
1.9)6  t 0.260 

Maximal  Work 

3.945  t 0.439 
3 .396  1 0.3)8 
3.330c  1 0.492 

Btlon  (ml/ka/min) 


0.296  t 0.059 


1,801*  t 0.123 


3.044*  t 0.514 


0,336*>b  t 0.039 
0.333*  i 0.044 


1.080° 

1.956 


t 0,172 
t 0.153 


3.344*,b  ± 0.365 
3.259*  t 0.360 


14 

3.86 

t 0.83 

4.36 

t 

0.91 

4.67* 

1 

25 

3.77 

* 0.73 

4.69* 

1 

36 

4.07 

* 0.90 

Submaxitntl  Work 

14 

24.49 

t 2.65 

27.04 

1 

1.96 

27.41 

1 

25 

27.50 

t 2.47 

27.31 

t 

36 

27.22 

t 2.44 

Maximal  Work 

14 

48.43 

* 6,20 

43.03* 

i 

6.57 

46.30. 

i 

23 

49.48 

i 5.44 

45.54* 

t 

36 

46.73 

i 6.21 

Significantly  different  from  pratralnin*  valua. 

’significantly  dlffarant  from  inmadlataly-afttr-training  valua. 
’significantly  dlffarant  from  valua  of  25  finisher*. 
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TABLF.  15,  Number  of  biochemical  valuta  laaa  than  acceptable,  training 
cyela  non-f lniahtra . Spaclnane  obtaftnad  pratralnlng. 


Ascorbic 

Serum 

X Trans farr in 

Total 

Add 

Hemoglobin 

Hanatoerlt 

Iron 

Saturation 

Protein 

Mi 

9 

38 

11 

10 

■i 

(128) 

(128) 

(128) 

(125) 

(125) 

(128) 

TABLF.  16,  Coatparlaon  of 

finlahara  va 

non- finishers* , 

Flnlahara 

Non-Ftni share 

Significance 

Initial  weight 
(kg) 

72,07  4 9.16 
(133) 

73.31  4 10.20 
(138) 

NS 

Haight 

(cm) 

175.7  t 7.0 

176.3  4 6.7 

NS 

Sarun  ascorbic  acid 
(ag/dl) 

0.79  4 .28 
(131) 

0.70  4 ,29 
(128) 

P<m0.005 

Sarun  Iron 
(ng/dl) 

100.2  4 28.3 
(128) 

101.7  4 34.3 
(125) 

NS 

1 Maan  4 Standard  Deviation. 


Significance  determined  by  Students'  "t"  taat.  Numbara  in  ( ) Indicate 
numbers  of  participants. 
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TABLE  17.  Energy  axpendiute  during  Jungle  dietary  restriction  phase 
comparing  tralnass  who  lost  lass  than  vs  those  who  lost 
more  than  10  percent  of  initial  body  weight  at  conclusion 
of  dietary  restriction1. 


< 10t 

> 102 

Significance 

Number  of  subjects 

70 

54 

- 

Average  weight  during 
restriction  phase  (kg) 

69.24  t 6.79 

69,14  i 7.90 

NS 

Mean  dally  caloric 
deficit  (keel) 

2,384  t 383 

2,977  t 396 

p«<0.001 

Mean  dally  energy 
expenditure  (kcal) 

3,884  t 583 

4,277  * 396 

p“<0.001 

Mean  dally  energy 
expenditure  (keal/kg) 

36,43  1 9.07 

62.89  t 9.24 

p» <0.001 

1 Mean  ± Standard  Deviation. 


Significance  determined  by  Students'  "t"  test. 
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Appendix  .)-2. 


APPF.NOEl  D 


Tratneea  with  walRht  loaa  lean  than  tan 
pereant-expar lanced  during  jungle  dietary 
reatriction  phaa* 

Trainee*  with  weight  loaa  greater  than  ten 
percent-experienced  during  Jungle  dietary 
raatrlotlon  phaae 
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APPENDIX  D-l.  Train***  with  weight  loan  lean  than  ten  percent -experi- 
enced during  Jungle  dietary  restriction  phase. 


Dally  Energy 
Deficit 


Daily  Energy 
Expenditure 


Average  Energy 
Weight  Expenditure 


Subject 

(kcal/dey) 

(kcal/day) 

(kg) 

(kcal/kg) 

1 

1636 

2456 

36.26 

32.33 

2 

2348 

3A48 

63.14 

37.60 

3 

26  98 

3998 

64 .66 

61.84 

4 

2807 

4107 

74.09 

33.44 

S 

2311 

3611 

80.09 

45.09 

4 

1247 

2597 

64.61 

40.18 

7 

2363 

3863 

62.83 

61 .32 

8 

2390 

3890 

60.33 

64  .46 

9 

2724 

4024 

61.09 

63.87 

10 

2328 

3828 

68,86 

55.59 

11 

2461 

3761 

71.93 

52.29 

12 

2327 

3627 

70,18 

51.69 

13 

2177 

3477 

64,33 

34  .04 

14 

3281 

3381 

81,28 

44  ,0ft 

15** 

(-83**) 

1217** 

70.76** 

17.20** 

16 

2298 

3398 

69.33 

32.66 

17 

2269 

3369 

63.36 

34.60 

18 

1393 

2691 

70.78 

38.03 

19 

3266 

4.366 

69.39 

65.80 

20 

2206 

3306 

69,92 

50.13 

21 

3070 

4170 

72,43 

60.12 

22 

3003 

4303 

69,09 

62.28 

21 

2136 

3436 

37.03 

60.38 

24 

2332 

3832 

77.04 

49.74 

21 

2861 

4161 

89.18 

49.01 

2ft* 

3619 

4019 

75.61 

63.04 

27* 

3196 

4446 

61.19 

71.47 

28* 

3888 

3188 

67.44 

76.94 

29 

1814 

3114 

65.48 

47.36 

30 

2119 

3419 

7.3,61 

43.20 

31 

2277 

3377 

60.42 

59.21 

32* 

3619 

4019 

71.87 

68,44 

33 

3262 

4.362 

76.14 

59.41 

34 

2411 

3711 

57,76 

64.24 

33 

340  3 

4701 

74,86 

58.90 

36 

2820 

4120 

73.36 

54.31 

37 

2378 

3878 

70,43 

53.04 

38 

2778 

4078 

72.69 

56.10 

39 

2820 

4170 

74.02 

35.65 

40 

2096 

3198 

76.99 

44.13 
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APPENDIX  D-l,  Trainees  with  weight  leas  laaa  than  tan  percent-experi- 
enced during  jungle  dietary  restriction  phase.  (Oont.) 


1- 

S' 


V » 

i;  k ' 

i 


1/ 


f 


i'. 


! 

t 

h 


Subject 

Daily  Energy 
Deficit 
(keel /day) 

Daily  Energy 
Expenditure 
(keal/day) 

Average 

Weight 

(kg) 

Energy 

Expenditure 
(keel /kg) 

41 

1289 

2389 

59,75 

44.33 

42 

2294 

3594 

78.30 

45.90 

43 

2063 

3365 

72.98 

46.10 

44 

2198 

3498 

70.46 

49.65 

45 

2027 

3327 

72.21 

46.07 

44 

2661 

3961 

57.10 

69.37 

47 

3737 

5037 

70.59 

71,36 

4d 

2920 

4220 

67.06 

62.98 

49 

2002 

3302 

72.78 

45.37 

50 

2648 

3948 

73.64 

53.62 

51 

3187 

4487 

60.70 

73.91 

52 

1806 

3106 

62.50 

49.70 

53* 

3690 

4990 

72.67 

68 .66 

54 

2674 

3974 

62.64 

63.43 

55 

2127 

3427 

66.18 

51.78 

56 

2461 

3761 

70.66 

53.22 

57* 

3323 

4823 

66.36 

72.68 

58 

2081 

3381 

68.63 

49.27 

59 

2463 

3765 

69.64 

54,06 

60 

2703 

4003 

60.63 

66.02 

61 

3249 

4549 

80.64 

56.41 

62 

2644 

3944 

80.09 

49.24 

63 

2548 

3848 

84.52 

45.33 

64 

2394 

3694 

66,56 

35.50 

65* 

3978 

5278 

71.92 

73.39 

66* 

3074 

4374 

62.81 

69.63 

67 

2394 

3894 

63.11 

61.71 

68* 

2336 

3636 

63.82 

56.97 

69 

2240 

3540 

67.29 

52.60 

70 

2340 

3640 

66.39 

54.83 

71 

2394 

3694 

76.04 

48,58 

* Trainees  who  barely  naintainad  or  loot  weight  during  the  Jungle  Pre- 
Diotary  Restriction  Phase, 

a*  Data  from  this  trainee  leader  excluded  from  statistical  evaluations 
of  the  data  for  thia  group.  Res  Text  for  explanation. 
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APPENDIX  D-2.  Trainees  with  weight  loan  greater  than  ten  petc.ent-e.xpe- 
riancad  during  jungle  dietary  reetrlctlon  phase. 


Subject 

□ally  Energy 
Deficit 
(kcal/day) 

Dally  Energy 
Expenditure 
(kcal/day) 

Average 

Weight 

(kg) 

Energy 
Expenditure 
(keel /kg) 

1* 

3394 

4694 

63.07 

72.84 

2 

3095 

4395 

58.48 

75.15 

3* 

3292 

4502 

61.91 

74.17 

4 

4025 

5323 

91.68 

58.00 

5 

3193 

4493 

71.20 

61.41 

6 

2302 

3602 

61.21 

58.85 

7 

2890 

4190 

67.23 

62.13 

8 

3132 

4432 

76.28 

58,11 

9 

2078 

4278 

76,76 

55.73 

10* 

3901 

57.01 

88.62 

58.69 

11 

3186 

4486 

85.04 

52.76 

12* 

3228 

4328 

57.37 

78.64 

13 

2803 

4101 

70.30 

38.36 

14* 

3432 

4732 

64.17 

74.06 

13 

2398 

3608 

64.03 

57.76 

16 

2824 

4124 

63,39 

65,05 

17 

24  90 

3790 

67,10 

56.48 

18 

2844 

4144 

58.92 

70.14 

19 

2261 

3361 

67.29 

57.16 

20 

3474 

4774 

78.03 

60.47 

21* 

2309 

3809 

63.49 

59.09 

22 

2732 

4032 

68 .41 

38.94 

21* 

3677 

4077 

66.72 

74.60 

24 

2698 

3098 

78 .64 

30.85 

23 

3800 

3100 

60.97 

72.88 

26 

24  6 3 

3763 

66.31 

56.78 

27 

2932 

4212 

88.32 

47.81 

28 

2690 

3990 

71.32 

55.93 

29 

2786 

4086 

71.40 

57  .16 

30* 

4323 

3623 

77.21 

72.83 

31 

2386 

3886 

6.1.95 

60.76 

32* 

4216 

3516 

74.04 

74.50 

33 

3028 

4328 

62.26 

60.52 

34* 

2977 

4277 

63.83 

64,  og 

33 

2404 

3704 

70.35 

32,50 

36 

1868 

3168 

38.21 

34  .43 

37 

2774 

4074 

60.33 

67.32 

38 

2007 

4207 

73.70 

37.08 

39 

2363 

3863 

66.31 

38.11 

APPENDIX  D-2.  Trainees  with  Might  Iona  greater  than  ten  percent -expe- 
rienced during  jungle  dietary  reetrictlon  phase.  (Cont.) 


Subject 

Daily  Energy 
Deficit 
(keal/dey) 

Daily  Energy 
Expenditure 
(keal/day) 

Average 

Weight 

(kg) 

Energy 

Expenditure 

(keal/kg) 

40* 

3953 

3253 

68.83 

76.31 

41 

3049 

4349 

64.92 

66.99 

42 

3358 

4658 

68.30 

68 .19 

43 

3137 

4437 

72.76 

61.26 

44 

3216 

4516 

78.08 

37  .83 

43 

1981 

3281 

62.67 

52.36 

46 

2361 

3861 

69.22 

33.78 

47 

3132 

4432 

68.83 

64.39 

48 

246  5 

3763 

68 .44 

55.04 

49 

3637 

4937 

78.30 

6.3  .03 

30* 

4073 

3375 

66.46 

80.87 

31 

1689 

2989 

59.22 

50.48 

32* 

2432 

4232 

68.07 

62.18 

S3 

2063 

3363 

63.72 

32.80 

54 

2377 

3677 

67.82 

54.22 

* Trainees  who  barely  maintained  or  lost  weight  during  the  Jungle  Pre- 
Dietary  Restriction  Phase, 
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